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ORIGINAL ARTICLE
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Abstract
We compare flexible low-carbon regulations in the
transportation sector and their interaction and sequencing with greenhouse gas emissions trading systems in
California and Quebec. As momentum builds for greater
climate action, it is necessary to better understand how
carbon markets and other low-carbon transportation
policies influence one another. First, we demonstrate
that emissions trading between California and Quebec
has been asymmetric, with linking having little influence on carbon prices from California's perspective but
leading to a considerable cost reduction from the point
of view of Quebec. Second, we present evidence that
Quebec has replicated many of California's low-carbon
transportation policies that promote increased electric
vehicle use, where Quebec has an advantage, while deferring to the Canadian federal government with regard
to policies that incentivize the production of other low-
carbon transportation fuels. Third, we demonstrate that
while the stringency of the policy mix of carbon pricing
and flexible transportation regulations has increased
over time in both jurisdictions, the stringency of flexible
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regulations has been more aggressively ratcheted up
and is expected to continue to dominate. Overall, our
findings suggest that the policy sequence observed
in California and Quebec can be attributed to the political economy benefits that the selected instruments
confer to governments seeking to move from the middle towards the bottom of the clean technology experience curve. We discuss a number of important research
questions and associated hypotheses emanating from
our findings, which provide the basis for more in-depth
studies involving a larger universe of cases and economic sectors.
KEYWORDS

California, climate policy, emissions trading, low-carbon
transportation, policy sequencing, Quebec

I N T RO DU CT ION
In this paper, we compare flexible low-carbon regulations in the transportation sector and their
interaction and sequencing with greenhouse gas (GHG) emissions trading systems in California
and Quebec. Since 2014 Quebec has been linked to California's emissions trading system under
the auspices of the Western Climate Initiative (WCI) (Cloarec & Purdon, 2018; Cullenward &
Victor, 2020; Houle et al., 2015; Rabe, 2018; Roch & Papy, 2019). Comparison of California and
Quebec is important because, unlike other emissions trading systems, including the European
Union Emissions Trading Scheme (EU-ETS) and the Regional Greenhouse Gas Initiative (RGGI)
in the northeast United States, the WCI targets a broad range of sectors, including liquid transportation fuels. Yet while collective GHG emissions in California and Quebec have declined,
road transport emissions have, until very recently, been rising gradually and represent the largest
sectoral share in each jurisdiction (Figure 1).
To achieve transportation sector emissions reductions, it is necessary to understand how carbon markets and other low-carbon transportation policies influence the implementation and efficacy of one another. Discussion of the relationship between the two has tended to settle on terms
of “policy sequencing” and “policy mixes” (Axsen et al., 2020; Bhardwaj et al., 2020; Meckling
et al., 2017; Pahle et al., 2018). However, as organizers of a recent workshop on carbon pricing
and innovation concluded, further empirical investigation into policy sequencing, particularly at
the sectoral level, is necessary (Jenkins et al., 2020, p. 22).
Our study contributes to this discussion by asking what policy tools have the governments of
California and Quebec used to tackle emissions in the transportation sector, in what sequence
have they been deployed and what is their relationship with emissions trading? We focus on
emissions trading as well as one particularly important set of low-carbon policies—flexible low-
carbon regulatory instruments in the transportation sector. These are policy instruments that
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Three stages of a stylized clean technology experience curve. Source: Adapted from Breetz et al.

“focus on a market-wide outcome without dictating the specific behavioral or technological
choices in individuals and firms” (Jaccard, 2020, p. 110).
For over a decade, such regulations have played a dominant role in California's plans to reduce
emissions through 2030 across sectors, though the expected contribution of cap-and-trade to emission reductions has increased from 20% for 2013–2020 to 38% for the period 2021–2030 (CARB, 2008,
p. 17, 2017a, pp. 26–28). In California's transportation sector, flexible regulations are generally recognized to include instruments such as vehicle emissions standards, zero emissions vehicle (ZEV)
mandates, and the low carbon fuel standard (LCFS). We also include “regional plan climate targets”
as a planning instrument to reduce metropolitan transportation emissions in an integrative yet flexible manner. While there are certainly other instruments that are part of California's complex suite of
climate policies, such as subsidies for ZEVs and related infrastructure, public procurement policies
and research and development initiatives, they are beyond the scope of our study.
With attention to the sequencing of carbon pricing and flexible regulations in California and
Quebec transportation sectors, this paper's findings raise important research questions and associated hypotheses, providing a foundation for more in-depth studies. Our research also addresses
a gap in California climate policy literature by offering policy details on its relationship with
Quebec, which continues to be its sole partner in emissions trading.
First, we demonstrate that emissions trading between California and Quebec has been asymmetric, with linking having little influence on carbon prices from California's perspective but
leading to a considerable cost reduction from the point of view of Quebec, which has fewer
low-cost abatement opportunities in the energy sector. Second, we present evidence that Quebec
has replicated many of California's low-carbon transportation policies that promote increased
electric vehicle use, where Quebec has an advantage due to its low-carbon electricity grid, while
deferring to the Canadian federal government with regard to policies that incentivize the production of other low-carbon transportation fuels such as biofuels. Third, we demonstrate that
while the stringency of the policy mix of carbon pricing and flexible transportation regulations
has increased over time in both jurisdictions, the stringency of flexible regulations has been more
aggressively ratcheted up and is expected to continue to dominate.
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The paper proceeds as follows. We first present our theoretical and methodological approach,
which is characterized by its focus on policy instruments as “tools of government” (Hood &
Margetts, 2007; Salamon, 2002). This is followed by a brief comparison of the economic conditions in California and Quebec. Third, we review the history and performance of emissions-
trading in California and Quebec before summarizing recent research suggesting that low carbon
prices on the California carbon market are structural features partially related to flexible regulations themselves. We then provide a comparative review of the evolution of low-carbon flexible
regulations in the two transportation sectors, following a convention to distinguish between vehicle fleet decarbonization, transportation fuel decarbonization and transportation demand management. In the discussion we present important research questions and hypotheses prompted
by our findings as well as alternative hypotheses. Overall, our findings suggest that the policy
sequence observed in California and Quebec can be attributed to the political economy benefits
that the selected instruments confer to governments seeking to move from the middle towards
the bottom of the clean technology experience curve.

TH EO RET I C A L AN D M ET H ODOLOGICAL APPROACH
Economists have traditionally advocated carbon pricing as a key instrument for climate mitigation (Ecofiscal Commission, 2019; High-Level Commission on Carbon Prices, 2017; van den
Bergh & Botzen, 2020). Many have also raised concerns about whether and how low-carbon
regulatory instruments might distort carbon pricing and undermine its primary goals (Bennear
& Stavins, 2007; Böhringer & Rosendahl, 2010; Fischer & Preonas, 2010; Fischer et al., 2017;
Schatzki & Stavins, 2018a). Other economists are more favorable to such interactions (Baranzini
et al., 2017; Jaccard, 2020).
In the political science literature, the interaction between carbon pricing and regulations is
more ambiguous. One position anticipates carbon pricing will prevail after other regulatory instruments first succeed in driving down the costs of low-carbon technologies. For example, drawing on cases prior to 2014, Meckling and colleagues demonstrate that green industrial policy—a
suite of policy instruments that include flexible regulations—has often been introduced prior to
carbon pricing, with the stringency of the policy mix being increased over time (Meckling, 2017;
Meckling et al., 2015). Similarly, Breetz et al. (2018) present a typology of clean energy transitions
that distinguishes between different political logics at the beginning, middle and late stages of
the clean technology experience curve. See Figure 1. Experience curves have been developed by
economists as a way of modeling how the costs of new technology decline over time as actors
gain experience with how to produce and deploy it more efficiently (Rubin et al., 2015; Weiss
et al., 2010). The contribution of Breetz et al. (2018) has been to highlight how different political
obstacles and opportunities might emerge at different levels of the clean technology experience
curve and that “global energy systems are not on an inexorable, market-driven path to clean energy” (p. 493).
For example, while authors present California's ZEV mandate as an example of a policy instrument at the top of the experience curve, they are more equivocal about the position of other
flexible regulations in the transportation sector as well as carbon pricing. To the extent that it is
mentioned, carbon pricing is expected to be more salient towards the bottom of the experience
curve, though the authors note that, since there are few jurisdictions at this level of the experience curve, “[t]his is the new frontier of energy policy making” (p. 515). Various authors have also
identified revenue raised through carbon pricing as an important policy feedback mechanism
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(Klenert et al., 2018; Rabe, 2018), which would also suggest a role for emissions trading at the
initial stages of the experience curve.
Another position in the political science literature is reflected in Cullenward and Victor
(2020), who remain highly skeptical of the role of carbon markets. They argue that carbon markets will play a much narrower role moving forward because of political challenges that linking
emissions trading systems introduce, particularly between jurisdictions whose abatement costs
differ considerably. The most important political challenge is triggered by capital outflows as
firms chase lowest cost mitigation opportunities abroad that risk negatively affecting powerful,
incumbent interest groups. Such political challenges limit followership via the linkage of emissions trading. Importantly, Cullenward and Victor suggest that the linkage between California
and Quebec carbon markets was feasible and did not trigger such concerns because it has been
comprised of “programs with similar prices and nearly identical program designs” (pp. 106–108).
A related explanation for limited followership incited by emissions trading is policy capacity.
This might be defined as a set of competences and capabilities at different levels of governance
necessary to perform policy functions (Wu et al., 2015). For example, concerns have been raised
about whether policy capacity constraints have limited the replication of California's complex
suite of climate policy instruments elsewhere (Bang et al., 2017).
The methodology of our study corresponds to what Peters and Zittoun (2016) have described
as the “policy analysis” approach in political science, given our focus on policy instruments.
More specifically we adopt a “tools of government” methodology to investigate the sequencing of
emissions trading and flexible transportation sector regulations through 2030 (Hood & Margetts,
2007; Salamon, 2002). We supplement this with technical analysis of certain instruments. The
“tools of government” approach recognizes that the selection of policy instruments from the vast
array of tools available is itself politically salient (Hood & Margetts, 2007, p. 148). It also recognizes that certain policy tools will perform better in one particular context than another. Finally,
with regard to policy capacity, our comparative case-study of California and Quebec constitutes
a “least likely” critical case (see Flyvbjerg, 2006) given that it is widely recognized that California
possesses exceptional policy capacity (Rabe, 2018).
Our methodological approach contrasts with more detailed research into the policy process, a
second approach identified by Peters and Zittoun (2016). For example, the study of Breetz et al.
(2018) and other recent studies of clean energy transitions in North America and European have
demonstrated that considerable insights might be derived through comparative process tracing
methods (Breetz, 2017; Rabe, 2018; Stokes, 2020; Stokes & Breetz, 2018). Though we see tremendous value in process tracing methods, an approach that focuses on policy instruments has certain advantages. Most importantly, it allows us to better document and understand the sequence
of a range of policy instruments and their interaction in two different jurisdictions.
There are limitations to the tools approach. It does not lend itself to understanding the
decision-making process and, consequently, cannot speak with confidence to the motivations of
state and non-state actors involved. Indeed, there is a proclivity in the tools-based approach of
“treating government as a totality” (Hood & Margetts, 2007, p. 15). Consequently, our approach
reserves language that imputes government motivation to the discussion. Similarly, despite being
a “least likely” critical case of policy capacity, a study limited to policy tools adopted by California
and Quebec is unable to explain why jurisdictions other than Quebec have not also taken steps to
link with California's carbon market. While we offer some description of government institutions
in both jurisdictions, we do not measure policy capacity, which would require deeper probing.
Rather, we see this paper as a preliminary and complementary step to more detailed research
using comparative process tracing to investigate a wider universe of cases.
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CO N T E X T UA L FACTOR S IN CALIFORNIA AND QUEBEC
In many ways, California and Quebec are quite different. California is one of the world's largest
economies and its population and GHG emissions are five times greater than those of Quebec.
Additional information on basic economic, demographic, and climate policy characteristics of
California and Quebec can be found in Table 1.
As has already been suggested, California is recognized to have outstanding policy capacity in
the environmental field. California relies on the California Air Resources Board (CARB), an executive agency, to implement air quality goals set by the California state legislature and also provide resources for coordinating the WCI (Collantes & Sperling, 2008; Meckling & Nahm, 2018;
Rabe, 2018). While CARB has broad authority over emissions trading and many low-carbon
transportation policy instruments, regulation of the energy sector is led by the California Energy
Commission, California Public Utilities Commission, and the California Independent System
Operator. In Quebec, the Ministère de l'Environnement et de la Lutte contre les changements climatiques (MELCC) is responsible for emissions trading. However, the Ministère des Transports
(MTQ) and the Ministère de l'Énergie et des Ressources naturelles (MERN) have lead authority
over transportation and energy policy, respectively. While Quebec is building policy capacity for
low-carbon regulations, we submit that this is far surpassed by that in California.
Another important difference between California and Quebec is with regard to energy supply and, thus, marginal emissions abatement opportunities. Quebec's energy sector is among
the lowest GHG-emitting in North America, with hydroelectricity currently meeting 36% of the
province's total energy demand (Whitmore & Pineau, 2018, p. 29). Quebec also possesses the
lowest electricity prices anywhere in North America (Hydro-Québec, 2018). In 2018, emissions
per capita in Quebec stood at 9.6 tCO2e, slightly cleaner than California's 10.8 tCO2e (CARB,
2019a; ECCC, 2019b).
Despite the above differences, California and Quebec share certain political characteristics.
Existing research has attributed California and Quebec's perseverance with cap-and-trade to similarities in terms of ideas, namely, belief in climate science and confidence in a slightly more
interventionist political economy orientation, in addition to relatively fewer carbon intensive industries (Houle et al., 2015). Quebec has even gone so far as to place a moratorium on all oil and
gas exploration—something which California has only partially been able to achieve (McCrary
et al., 2003; Rabe, 2018). California was the seventh largest state producing oil in 2020, representing 3.5% total US production (EIA, 2021)—though in April 2021 Governor Newsom announced
the start of efforts to phase out new gas and oil production by 2045 (Reuters, 2021).

C AL I FO R N I A AN D QU E B EC'S E XPERIENCE WITH
EM I S S I O NS T R ADIN G
History of cap-and-trade
California's emissions trading system has been discussed extensively and we point the interested
reader to other publications for detailed accounts (Bang et al., 2017; Cullenward & Victor, 2020;
Houle et al., 2015; Rabe, 2018). Briefly, California launched its emissions trading system in late
2012, after passage of the 2006 California Global Warming Solutions Act where the state committed to reducing emissions to 1990 levels by 2020 (Assembly Bill 32, “AB32”). While AB32 set an
emission reduction target, it did not set the means of achieving it. Emissions trading prevailed
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Economic, demographic, and climate policy features of California and Quebec

Item

California

Quebec

GDP 2018 ($ million USD, 2012 chained
dollars)

$2,721,556

$280,645

Population 2018 (million)

39.5

8.4

GDP per capita 2018 ($ million USD)

$68,970

$33,458

Emissions 1990 (MtCO2e)

427

86

Emissions 2018 (MtCO2e)

425

81

Emissions per capita 2018 (MtCO2e)

10.8

9.6

Emissions intensity 2018 (MtCO2e/$GDP
billion USD)

0.16

0.29

Emissions from road transportation 2018
(%)

36.3%

35.6%

2020 Emissions reduction target

1990 levels

20% below 1990 levels

2030 Emissions reduction target

40% below 1990 levels

37.5% below 1990 levels

Price of electricity 2018—residential

21.8¢US/kWh (San Francisco)

5.6¢US/kWh (Montreal)

Price of electricity 2018—large-power
customers

11.6¢US/kWh (San Francisco)

4.0¢US/kWh (Montreal)

Source: Authors' calculations, Hydro-Québec (2018).

over alternative carbon pricing mechanism largely because of administrative and political hurdles
involved with adopting a carbon tax (Cullenward & Victor, 2020; Houle et al., 2015). However,
the full suite of California's climate strategy is laid out in so-called “Scoping Plans”, the first for
the 2013–2020 period having been introduced in 2008 (CARB, 2008). In 2016, California's legislature committed to reducing the state's emissions to 40% below the 1990 levels by 2030 (CARB,
2017c; Diodati & Purdon, 2016). California's cap-and-trade system was subsequently extended
through 2030 by way of adoption of Assembly Bill 398 (AB398) in mid-2017 while the Scoping
Plan for 2021–2030 was adopted in late 2017 (CARB, 2017d).
Quebec launched its own emissions trading system in 2013 under the WCI, linking its market with California's in 2014. Quebec set a more ambitious 2020 emission reduction target than
California, at 20% below 1990 levels. However, the government adopted a target of 37.5% below
1990 levels for 2030—slightly less ambitious than California but adopted in 2015 during a period of considerable uncertainty about the future of the state's climate policy (Diodati & Purdon,
2016; La Presse, 2015). California and Quebec base their linked cap-and-trade on a voluntary administrative agreement between the two governments, the Agreement on the Harmonization and
Integration of Cap-and-Trade Programs for Reducing Greenhouse Gas Emissions (Roch & Papy,
2019; Trudeau, 2018). Quebec confirmed the extension of the carbon market and its linkage with
California's during negotiations in 2017 with Ontario about its entry (Carmody, 2019, pp. 42–44).
However, as is well known, Ontario withdrew from the carbon market after the June 2018 election resulted in a populist government strongly opposed to emissions trading (Cloarec & Purdon,
2018; Lachapelle & Kiss, 2019).
One of the important innovations of the California-Quebec carbon market was a carbon
price floor and ceiling. This responded to concerns about price stability and oversupply that had
plagued the early stages of the EU-ETS (Ellerman et al., 2010). In 2013, California and Quebec
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agreed to an initial auction floor price of $10 USD per tCO2e, which increases by 5% annually
plus the rate of inflation, reaching $17.71 USD in 2021. Interestingly, Quebec originally sought
a 7% annual rate of increase for the price floor (Purdon et al., 2014). California and Quebec also
established a price ceiling, though its form has changed. For 2013–2020, an Allowance Price
Containment Reserve (APCR), administered independently by each jurisdiction, was used to
collect a portion of allowances auctioned each year, which were set aside for potential release
to deflate a sudden price surge. But the APCR might be depleted if prices reached too high.
Consequently, for the post-2021 period, California has set a firm price ceiling starting at $65
USD per tCO2e in 2021, which also increases annually by 5% plus the rate of inflation (Busch,
2017; CARB, 2019d, §95915(f)). Based on these rates of increase, prices on the California-Quebec
carbon market are expected to gradually rise between a price floor and price ceiling reaching
approximately $27 and $101 USD ($36 to $128 CDN), respectively.
California and Quebec's separate emission trading systems each generate substantial government revenues through quarterly auction of emission allowances. In California, cap-and-trade
auctions have generated $14.9 billion for the Greenhouse Gas Reduction Fund (GGRF) to date
(CCI, 2021). In Quebec, revenue generated from auction allowances have been deposited in a
Green Fund, which has recently the target of reforms and given the new name of the Electrification
and Climate Change Fund (CGFV, 2018; Fletcher, 2019). Auction proceeds amounted to approximately $3.4 billion USD ($4.3 billion CDN) over 2013–2020 (MELCC, 2020a), of which over 86%
was allocated to climate actions under the 2013–2020 Climate Change Action Plan (MDDELCC,
2018, p. 9). The Quebec government's recently announced 2030 Plan for a Green Economy also
relies in an “important way”1 on the funds derived from the carbon market (Gouvernement du
Québec, 2020b, p. 100).
Significantly, the Quebec emissions trading system preceded the 2016 introduction of the
Canadian federal government's Pan-Canadian Framework on Clean Growth and Climate Change
(Government of Canada, 2016). This applies a carbon pricing “backstop” for provinces unwilling or unable to implement a carbon pricing policy of their own. As originally presented, the
Canadian federal carbon backstop price was slated to rise from $8 to $39 USD over the period 2018
to 2022 ($10 to $50 CDN). As recently as 2019 the federal government announced there were no
plans to raise prices further (McCarthy & Giovannetti, 2019). However, in late 2020 the Canadian
federal government proposed to increase the federal carbon price to approximately $134 USD per
tCO2e by 2030 ($170 CDN) (ECCC, 2020, p. 26). The federal carbon price is currently not applied
in Quebec, until a federal review in 2022 determines if Quebec's system is equivalent to federal
criteria, under yet-to-be decided equivalency metrics (Government of Canada, 2018; Kyriazis,
2017; Mascher, 2018). We also note that the Canadian federal government's 2030 commitment
of reducing GHG emissions 30% below 2005 levels—or approximately 13% below 1990 levels—is
considerably less ambitious than that found in California and Quebec.

Emission trends, prices and trading
In this section we provide an overview of trends in emissions, carbon market prices and emissions trading on the California-Quebec carbon market to date.
First, drawing on information reported in annual emission inventories for each jurisdiction,
we find total emissions between California and Quebec to be declining—even prior to the global
pandemic—despite a slight increase in transport emissions from 2010 to 2017 (Figure 2). Due to
significant emission reductions in California's power sector, in part attributed to the 2008 global
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F I G U R E 2 Total emissions and emissions in the road transport sector in California and Quebec, 2000–2018.
Source: CARB (2020a), MELCC (2020b)

financial crisis, total emissions between the two jurisdictions were, by 2018, just 12 MtCO2e (million tonnes carbon dioxide equivalent) shy of their collective 2020 emission reduction target of
494 MtCO2e. California actually surpassed its 2020 emission reduction target in 2016 (CARB,
2020a), while by 2018 Quebec had reduced emissions on its territory 6.0% below 1990 levels
(MELCC, 2020b). However, as suggested earlier, because Quebec had taken on a much stronger
2020 emission reduction target than California, Quebec was still approximately 13 MtCO2e shy
of its target. These trends reflect aggregate changes in each jurisdiction's emission inventories
and do not report inter-jurisdictional emissions trading.
As seen in Figure 3, primary and secondary market prices have generally hugged the floor,
which was introduced to ensure a minimum price for auctioned allowances and mitigate the
potential impact of an oversupply of emission allowances (discussed further below). In February
2021, the primary market price stood a little above the price floor, at $17.80 USD (CARB & MELCC,
2021), while prices on the secondary market reached $18.70 USD in April 2021. Secondary market prices dropped to approximately $13.00 USD during the worst of the covid-19 pandemic in
March and April 2020 before recovering to just above the price floor in May 2020. What will future market prices be? We return to that question below after discussing econometric modeling
of the relationship between cap-and-trade and flexible regulations.
For the moment, we point out that the actual extent of emissions trading between California
and Quebec is difficult to determine because current rules stipulate that allowance holdings by
each jurisdiction are not to be made available until the close of the 2013–2020 carbon market
commitment period. Despite concerns about market transparency (IEMAC, 2018, p. 54), other
evidence provides insight. Overall, the evidence indicates that market prices diverge significantly
between the two jurisdictions and that there are considerable gains from trade, particularly from
Quebec's perspective. Furthermore, as suggested earlier, because California's economy and emissions are much greater, Quebec will be largely a price-taker in its carbon market relationship
with California.
More specifically, previous modeling efforts estimated that on average, over 2013–2020 the
Quebec-California market would see Quebec firms purchase between 14.8 to 18.3 MtCO2e of emission allowances from California counterparts, costing between $428 and $644 million USD (CARB,
2012, pp. 84–86, 91–93; WCI Economic Modeling Team, 2012, p. 7). See Figure 4. This would reduce
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F I G U R E 3 Evolution in allowance price floor as well as primary and secondary market allowance prices,
2012–2021. Source: Data concerning prices floors and primary market prices are derived from quarterly auction
reports of CARB and MELCC. Price data for the secondary market comes from “California Carbon Dashboard”
(www.calcarbondash.org) for 2012–2017 and “California Carbon Info” (www.californiacarbon.info) for 2018–
2021

Quebec compliance costs by 20%–52% compared to the costs of reducing emissions in Quebec alone.
For Quebec to reach its 2020 emission reduction goal without linking with California, allowance
prices would have been expected to reach $59–$69 USD per tCO2e by 2020; in a linked scenario
projected prices were expected to rise to $31–$55 USD per tCO2e. While ex-ante modeling efforts
estimated a slight increase in carbon prices in California due to increased demand from Quebec
firms, California would gain $384–$634 million USD in emissions trading inflows. That is the result
of $428–$644 million USD worth of Californian allowances purchased by Quebec firms minus a
modest increase in the cost of allowances in California vis-à-vis an unlinked scenario. Nonetheless,
despite transfers to California, Quebec would save $162–$450 million USD in compliance costs
relative to an unlinked market. Looking towards 2030, economic modeling of Quebec's linkage to
California suggests similar patterns in emissions trading (MFQ, 2017).
We note that the secondary market prices observed on the California-Quebec carbon market
at $18.70 USD per tCO2e in April 2021 are well below the 2020 prices estimated through ex-ante
modeling and summarized in Figure 3. Lower-than-anticipated carbon market prices have raised
concerns about the ability of the carbon market to decarbonize California and Quebec's economies. The total cost of reaching California's 2030 climate goal has been estimated at $80 USD per
tCO2e and between $124 and $190 per tCO2e for the state's 2050 goals (Yang et al., 2015, 2017).
Similarly, technological changes in Quebec to drive significant emission reductions to reach just
the province's 2030 target are expected to occur only at prices above $79 USD ($100 CDN) per
tCO2e (MFQ, 2017, p. 38).
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F I G U R E 4 Expected carbon prices and benefits of emissions trading between California and Quebec over
the period 2013–2020 relative to an unlinked scenario. Source: Adapted from Purdon and Sinclair-Desgagné
(2015, p. 13) which was based on CARB (2012, pp. 84–86, 91–93) and WCI Economic Modeling Team (2012, p. 7)

Low carbon prices can be explained by structural oversupply: more allowances have been
issued for the carbon market than are required by firms, dampening carbon prices (Borenstein
& Bushnell, 2018; Busch, 2017; Cullenward & Coghlan, 2016; IEMAC, 2018). The source of oversupply is multifaceted. It can be attributed in part to miscalibration of emission quotas required,
unexpected emissions reductions from the 2008 financial crisis and a more rapid transition to
renewable electricity than projected. While rules addressing oversupply have been tightened
(Schatzki & Stavins, 2018b, pp. 18–19), more might still be done to address oversupply allowances
held in private accounts. Additionally, oversupply might be the result of rules governing electricity imports and associated emissions, which are associated with concerns about emissions
leakage via resource shuffling (Cullenward, 2014; Cullenward & Coghlan, 2016).
While concerns about miscalibration and resource shuffling deserve further investigation,
other factors also contribute to low prices—of salience here, the relationship between carbon
pricing and flexible regulations.

Modeling the relationship between cap-and-trade and flexible
regulations in California
Recent research by Borenstein et al. (2017, 2018, 2019) suggests that low carbon market prices
result from structural characteristics that make it much more likely for prices to attain either at
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the price floor or price ceiling rather than within its working range. The research of Borenstein
and colleagues is unique in attempting to empirically model both carbon pricing and the impact
of flexible regulations on carbon pricing, with separate modeling efforts for the initial 2013–2020
period as well as for 2021–2030. We note that their analysis assumes flexible regulations hitting
regulatory targets rather than directly modeling them. It also assumes investments in clean technology have limited effect lowering the cost of future emission reductions. Nonetheless, their
research is one of the most comprehensive investigations of California carbon market behavior
and, hence, has implications for Quebec and other jurisdictions interested in linking.
The key main findings emanating from this research are estimates of the probability of the
carbon market price settling at either the administratively determined price floor and ceiling or
between the two. As summarized in Table 2, they estimated that over 2013–2020 there was a 94%
probability of market prices remaining near the price floor under California's full suite of climate
policies (characterized by complementary policies and market prices free to range from about
$15 to $60 USD per tCO2e). This probability reduces to 46% and 45% for the period 2021–2030 for
two scenarios that both include complementary policies, respectively, one with an initial carbon
ceiling set at $58 USD and another set at $78 USD (Table 2). Recall that the initial price ceiling
for 2021 has been officially set at $65 USD, increasing annually at 5% plus the rate of inflation.
Three interrelated factors drive low carbon prices on the California carbon market according to this line of research. First is the extremely high level of uncertainty about the amount of
emission reductions necessary for California to meet its economy-wide emission reduction targets. This is due to uncertainty associated with California's business-as-usual emissions as well
as what reductions flexible regulations can achieve. Uncertainty about the amount of emission
reductions necessary to meet the cap frustrates the ability of carbon market prices to equilibrate
to the level of abatement required.
Second, the price responsiveness of emission reductions to expected carbon prices is low relative to uncertainty about the amount of abatement required. Under these conditions, flexible
TABLE 2

Summary of allowance price probabilities
% Probability price
at floor

% Probably price at
interior equilibrium

% Probability
price at ceiling

2013–2 020
with complementary policies

94.3%

1.1%

4.6%

83.1%

6.2%

10.7%

46.2%

19.9%

33.9%

45.0%

14.5%

40.5%

prices from $15 (floor) to $60
(ceiling)
without complementary policies
prices from $15 (floor) to $60
(ceiling)
2021–2 030
with complementary policies
2021 prices from $18 (floor) to $58
(ceiling)
with complementary policies
2021 prices from $18 (floor) to $78
(ceiling)
Source: Borenstein et al. (2017, pp. 8–9, 12, 2019, pp. 3955, 3972, 3974).
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regulations play a larger role by driving emission reductions at higher implicit cost. For example,
Borenstein et al. (2018) estimated that emission trading would result in between 18 to 53 MtCO2e
of reductions across sectors at carbon floor and ceiling prices, respectively, over 2013–2020 (Table
3). However, assuming flexible regulations meet their targets, emissions would be reduced by a
total of 141 MtCO2e. This is because California's flexible regulations offered abatement at costs
higher than carbon market prices during 2013–2020. A similar estimate of emission reductions
driven by carbon pricing and regulations for the 2021–2030 period is not available in Borenstein
et al. (2017, 2019).
This brings us to the third cause of low carbon market prices in California: political feasibility.
The study of Borenstein et al. (2019) was limited to “the range of GHG prices generally deemed
politically acceptable” (p. 3954)—that is, those between the price floor and price ceiling as set by
California's policy-makers. Recall that carbon prices modeled for 2013–2020 range from about
$15 to $60 USD per tCO2e while for 2021–2030 the initial prices range from $18 to $58/$78 USD
per tCO2e (rising to approximately $27 and $90/$121 per tCO2e by 2030), depending on the price
ceiling considered.
The relative gain in efficiency from moving from the current combination of carbon market and flexible regulations to market alone is modest. While removing complementary policies
would have increased the probability of market prices settling between the price floor and ceiling, the increase would be only from 1.1% to 6.2% during the 2013–2020 period (Table 2). Looking
ahead to 2030, the probability of reaching an interior equilibrium price in the presence of flexible
regulations is somewhat higher, at 15%–20% for the two price ceiling scenarios (the researchers
do not consider a 2021–2030 scenario without complementary policies).
Returning to our earlier question about future carbon prices on the California-Quebec carbon
market, the few techno-economic models looking out to 2030 do not anticipate prices approaching the official 2030 price ceiling of $101 USD. One modeling effort of California's carbon market
considered four different scenarios for achieving the state's 2030 emission reduction target (Yang
T A B L E 3 Emission reductions via carbon market allowance pricing, flexible regulations, and other non-
price factors over 2013–2020
Average modeled reductions over 2013–2020
Source of abatement supply

Price floor MtCO2e

Price ceiling MtCO2e

Emission reductions response to allowance prices
Electricity
Transport

3.4

9.7

3.6

12.2

11.2

31.6

Vehicle emission standards & LCFS

77.9

77.9

Renewable portfolio standard & other policies

63.1

63.1

9.6

9.6

63.2

63.2

Natural gas
Emission reductions resulting from flexible regulations

Emission reductions resulting from other non-price factors
Exogenous electricity rate effects
Electricity imports
Offsets
Total
Source: Borenstein et al. (2019, pp. 3966, A20–A31).

97.8

97.8

329.7

365.0
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et al., 2017). The highest price determined through modeling was $80 USD per tCO2e, which was
associated with a scenario where complementary policies play only a limited role; a scenario reflecting California's current policy suite obtained a price of $56 per tCO2e. The implication is that
market prices are unlikely to rise to levels sufficient on their own to achieve neither California's
nor Quebec's 2030 emission reduction targets.

CO M PA RI N G F LE XIB LE LOW- C ARBON TRANSPORT
R EG UL AT I O N S IN CALIFOR N IA AND QUEBEC
Below we discuss the evolution of flexible regulations in the transportation sectors of California
and Quebec, making references to US and Canadian federal governments as appropriate. We
organize the presentation of these results according to vehicle fleet decarbonization (vehicle
emission standards and ZEV mandates), transport fuel decarbonization (fuel carbon intensity
standards) as well as transportation demand management. See Table 4 for a timeline of the transport policy instruments involved as well as carbon pricing.

Vehicle fleet decarbonization: Vehicle emission standards
California vehicle emission standards
California's early efforts to address air quality led to the development of significant policy capacity in this area before the US federal government, which granted California a conditional
exemption to pursue stricter vehicle emission standards (Fern, 1997; Peesapati, 2018; Rabe,
2018). The US federal government had established the corporate average fuel economy (CAFE)
standards for passenger cars in 1975, under the authority of the National Highway Traffic Safety
Administration, NHTSA (Oster, 2019).
The low-emission vehicles (LEV) program was first introduced in 1990 to address criteria
pollutant exhaust emissions (Hanemann, 2007). By the 2000s, California added GHG reductions
to its goal of air quality, beginning in 2002 with passage of the California Clean Cars (CCC)
Law, referred to as the Pavley Law. California's first bill to designate CO2 as a pollutant (CARB,
2017c), the Pavley Law directed CARB to adopt the maximum feasible and cost-effective vehicle
emission standards beginning with the 2009–2016 vehicle model years (CARB, 2004). For a time,
the Pavley Law was caught in legal incertitude. In 2007, the Bush Administration denied an EPA
waiver for California—a first for the EPA—and adopted less-rigorous federal standards under
amendments to the Energy Independence and Security Act, EISA (Berck et al., 2010, pp. 50–
52). However, the subsequent Obama administration granted a waiver in 2009 and established a
harmonized National Program involving NHTSA, EPA and CARB for regulating fuel efficiency
standards, allowing California to move ahead with implementation (Oster, 2019).
In 2012, the California government adopted additional vehicle emission standards for vehicle
model years 2017–2025 under the National Program and introduced the Advanced Clean Cars
(ACC) program, also known as Pavley II. This program included updated LEV regulations in
order to reduce criteria pollutants and GHG emissions from light- and medium-duty vehicles and
has been expected to reduce GHG emissions by 40% relative to 2012 model years (CARB, 2017b,
2018b).

2030 target exec.
order

2030 target
legislation

Cap+Trade
Extension

2015

2016

2017

Carbon Tax
Increased

2020

2035 ZEV
Target

ZEV 4 & Freight
Plan

ACC/Pavley II

Harmonized
Program

Replicate Cali.
ZEV

Harmonized
Standards

Link to Pavley 1

Announced
Pavley 1

Quebec

2035 ZEV Target

Link to Cali.
Standards

ZEV Incentives

Link to EPA
Standards

Emission Regulations

Proclaimed MVFCSA

Canada

LCFS Amended 2

LCFS Legal
Challenge 3

LCFS 1 Amended

LCFS Legal
Challenge 2

LCFS Legal
Challenge 1

LCFS 1

California

Draft RFR

Bioenergy
Target

Quebec

Transport fuel decarbonization

Narrowing of
CFS

CFS Announced

RFS

Canada

SB375 Prog.
Report

SB375

California

ARTM

CCM

Quebec

Investing in
Canada
2

Investing in
Canada

Canada

Transportation demand management

Abbreviations: AB32, Assembly Bill 32; ACC, Advanced Clean Cars; ARTM, Metropolitan Transportation Regional Authority; CCC, California Clean Cars; CFS, Clean Fuel Standard; EPA,
Environmental Protection Agency; LCFS, low carbon fuel standard; MVFCSA, Motor Vehicle Fuel Consumption Standards Act; RFS, Renewable Fuel Standard; SB375, Senate Bill 375; ZEV,
zero emissions vehicle.

Carbozn Tax
Implemented

Cap+Trade
Extension

Carbon Tax
Announced

2019

2018

Linking
Cap+Trade

Linking
Cap+Trade

2014

2030 target
legislation

Cap+Trade
Launch

Cap+Trade
Launch

2013

2012

2011

2010

2008/2009

Waiver Denial

AB32

2006/2007

California

CCC/Pavley 1

Canada

ZEV 2

Quebec

2001/2002

California

2003/2004

Year

Vehicle fleet decarbonization

Timeline of carbon pricing and flexible low-carbon transport regulations across California, Quebec, and Canadian Federal Government since 2001

Carbon pricing

TABLE 4

CLIMATE AND TRANSPORTATION POLICY SEQUENCING
  

|
15

16

|

  

PURDON et al.

Vehicle emission standards in Canada and Quebec
Vehicle emission standards in Canada have historically been characterized by considerable effort
to harmonize with those of the US auto market. The Canadian federal government's efforts towards integration began with the 1965 Canada-US Auto Pact, which has been superseded by subsequent free-trade agreements (CAA & Pollution Probe, 2009; Carrillo, 2004; TransportPolicy.
Net, 2018).
In 1976, the Canadian federal government also established Company Average Fuel
Consumption (CAFC) targets and harmonized them with the just released CAFE standards in
the US. However, CAFC targets were not made mandatory, despite passage of the Motor Vehicle
Fuel Consumption Standards Act (MVFCSA) in 1982. Because US auto manufacturers with operations in Canada were already striving to meet US federal CAFE standards, they agreed to meet
the Canadian CAFC standards voluntarily.
Under a new center-right Conservative party leadership, the Canadian federal government
began to shift towards mandatory fuel economy standards in 2007, the same year that the Bush
administration had denied Pavley I. That year the Canadian federal government finally proclaimed the 1982 MVFCSA, effectively making its CAFC standards mandatory. However, these
also reflected the more diluted US federal vehicle emission standards of the Bush era. As observed by Aklin and Mildenberger (2020), this reflected the Harper government's expressed position that Canadian climate policy should not surpass US efforts.
Quebec, however, took action to accelerate the adoption of more stringent vehicle emission
standards of California. In its 2006 Climate Change Action Plan, the Quebec government announced that it would adopt California's Pavley Law (MDDELCC, 2008, pp. 25–26). In 2009, the
Regulation Respecting Greenhouse Gas Emissions from Motor Vehicles was adopted by the Quebec
government and came into force in early 2010 (CCA-Quebec, 2008). The Canadian federal government replaced the CAFC in 2010 with the Passenger Automobile and Light Truck Greenhouse
Gas Emission Regulations for vehicle model years 2011–2016. Significantly, these were aligned
with new federal vehicle emission standards under the National Program of the Obama administration. Consistent with the Harper government's commitment to alignment with US policy,
it is perhaps the most important contribution to climate policy under his tenure. Consequently,
in 2011, Quebec officially amended its vehicle emission standards to harmonize with new, more
stringent Obama-era vehicle emission standards of the US and Canadian federal governments
(MELCC, 2019). Furthermore, regulations officially linking Canadian federal emission standards to US federal standards were introduced in 2012 for model years 2017–2025 (Posada et al.,
2018). However, given the Trump administration's intention to freeze vehicle emission levels,
the Canadian federal government, under new center-left leadership following 2015 elections,
delinked from US federal standards in 2019 and aligned with California's vehicle emission standards (Boyd & Rabe, 2019; Weikle, 2019).

Vehicle fleet decarbonization: ZEV mandates
California's ZEV mandate
California included a ZEV mandate in its 1990 LEV regulations, as ZEVs were initially viewed
from the perspective of air quality (Collantes & Sperling, 2008). The ZEV mandate initially required a minimum share of new car sales to be ZEV: 2% in 1998, 5% in 2001, and 10% in 2003
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(CARB, 1998). It also had features to provide flexibility to automobile makers through a ZEV
crediting system (CARB, 2018d). As observed by Stokes and Breetz (2018), the initial California
ZEV mandate proved too ambitious and had to be expanded to include both ZEVs and partial
ZEVs given insufficient battery technology and high costs. Nonetheless, the initial phase of
California's ZEV mandate (1990–2003) proved an effective technology forcing policy instrument.
At the beginning of the mandate, there were only 2300 ZEV credit applicable vehicles on the
road in California while this number reached 140,000 by 2003 (CARB, 2000, 2003). A legal challenge resulted in a temporary injunction and a subsequent revised ZEV mandate for 2004–2011
included greater sophistication to reflect diversified types of vehicles (CARB, 2020b; Wesseling
et al., 2014).
California's ZEV mandate was updated in 2012 under California's ACC program. A ZEV
credit percentage requirement of 4.5% in 2018 and 22% for 2025 was adopted with a view toward
meeting a 2030 ZEV deployment target of 5 million (CARB, 2016; Next 10, 2018). In 2016, the
ZEV mandate was expanded to the truck fleet through the California Sustainable Freight Action
Plan (CALTRANS, 2016). While not a flexible regulation, an executive order was signed in 2020
by Governor Newsom requiring that all new passenger vehicles in California be ZEVs by 2035
(Grandoni et al., 2020).

ZEV mandates in Quebec and Canada
The Quebec government introduced a ZEV mandate in 2016, which came into force in 2018
(Government of Quebec, 2018). The policy makes explicit reference to California's (MELCC,
2019). Between 2018 and 2025, the share of ZEVs is expected to increase from approximately 3%
to 20% of total vehicle sales (Whitmore & Pineau, 2018)—just slightly below ZEV requirements
in California discussed above. Replicating California, Quebec announced in late 2020 a similar
measure limiting new vehicle sales to ZEVs by 2035 (CBC, 2020)—though we note that in 2019
British Columbia passed legislation targeting a similar outcome by 2040 (Statt, 2019).
At the federal level, Transport Canada also announced in 2017 its intention to adopt a ZEV
mandate by the end of 2018 (Transport Canada, 2017). However, this federal measure was still
pending in 2021 (Brazeau, 2021). The Canadian federal government has set ZEV sales targets
of 10% by 2025, 30% by 2030, and 100% by 2040 though, by its own assessment, ZEVs are only
expected to constitute 5%–10% of all new light-duty vehicles purchased by 2030 (Clean Energy
Canada, 2020).

Transport fuel decarbonization: Fuel carbon intensity standards
California's LCFS
An executive order issued by Governor Schwarzenegger in 2007 established the LCFS, which
was first implemented in 2011 (Kahn, 2007; Yeh et al., 2016). The standard operates by setting
a benchmark for carbon intensity (CI, the amount of carbon dioxide equivalent per megajoule
of energy) of transportation fuels in the state, then gradually reducing that benchmark over
time. Critically, CI ratings consider the full life cycle of the fuel, from production to combustion.
Relative to 2010 benchmark levels, the LCFS requires vehicle fuel producers and distributors to
reduce the carbon intensity of transport fuels by 10% by 2022 and by 20% by 2030 (CARB, 2019c).

18

|

  

PURDON et al.

Modeling is essential to California's LCFS. It provides information for estimating transport fuel
CI through a complex life-cycle assessment—including emissions associated with indirect land-
use change (Breetz, 2017; Farrell et al., 2007).
The LCFS also introduced a credit system to promote flexibility. While firms accumulate market deficits from the production and sale of liquid fossil fuels, these can be balanced by acquisition
of credits generated from activities that promote low-carbon fuels such as biofuels, low-carbon
electricity as well as ZEV charging infrastructure. Biofuel production and importation continues
to be the most important crediting generation activity for the California LCFS (CARB, 2021).
Low-carbon fuel generates a credit, measured in tCO2e, for emissions savings relative to the annual standard based on the fuel's CI rating. When first introduced in 2013, credits were trading
at under $20 USD per tCO2e, rose to $80 by the end of the year and reached about $200 USD per
tCO2e in 2020 (Duffy, 2019; Yeh et al., 2016, p. 228). While both the carbon market and LCFS
use credits denominated in tCO2e, we stress that the two represent different measures that are
neither directly interchangeable nor representative of the same effect on total GHG emissions.
The flow of fuels with low CI ratings into California has increased under the program. Over
2011–2017, the contribution of alternative low-carbon fuels grew from 6.2% of California's transportation fuels to 8.5% while their average CI rating in the program declined 36%; by the program's internal calculations this corresponded to estimated emissions reductions of 38.3 MtCO2e
from 2010 levels (Witcover, 2018). Liquid biofuel production continues to generate the majority (~80%) of LCFS credits though electricity has risen to represent 19% of total credits in 2020
(CARB, 2021).

Fuel carbon intensity standards in Quebec and Canada
While Quebec has no explicit transport fuel carbon intensity standard, since 2016 several Canadian
federal agencies have been developing a low-carbon fuel standard similar to California's known
as the Clean Fuel Standard (ECCC, 2017, 2019a). The Canadian federal CFS initially aimed to not
only reduce fossil fuel use in the transportation sector, like California, but also that of industry,
homes and buildings. Under the new Canadian federal climate strategy, the scope of the CFS has
been limited to only liquid fuels (ECCC, 2020, p. 27). The life-cycle assessment model and related
components are expected to come into force in late 2022 (Government of Canada, 2020).
The Canadian province of British Columbia implemented a LCFS shortly after California,
sharing many properties of the California policy but not indirect land use change in its lifecycle
analysis (Yeh et al., 2016, p. 229). The blueprint for Canada's CFS likewise includes no indirect
land use change component in its life-cycle assessment model and proposes instead to establish land-use and biodiversity (LUB) criteria, which would apply to feedstock regardless of geographic origin.
While Quebec offered a tax credit to biofuel producers as early as 1996, until recently it deferred to the Canadian federal Renewable Fuel Standard (RFS) established in 2006, which set
blend mandates at 5% gasoline and 2% diesel (Bradford, 2019; Steenblik, 2007). It was not until
2016 that Quebec adopted the 2030 Energy Policy, which committed to a 50% increase in bioenergy production relative to 2013 levels (MERN, 2016). But an instrument for achieving this goal
was not developed until 2019, when the Quebec government tabled a draft Renewable Fuels
Regulation (RFR) that would see these rise to 15% and 4% by 2025 for gasoline and diesel, respectively (Gouvernement du Québec, 2019). However, other Canadian provinces have been much
more proactive in advancing biofuel production. Saskatchewan and Manitoba enacted gasoline
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blending policies higher than the federal level as early as 2010; BC and Ontario have maintained
a diesel blending mandate above the federal levels since 2010 and 2016, respectively (Wolinetz
et al., 2019).

Climate policy and regional transportation demand management
Regional climate and transportation planning in California
Here, we shift from jurisdiction-wide policies focused on vehicle fleet and transportation fuel
decarbonization to transportation demand management at the regional/municipal level. The
Sustainable Communities and Climate Protection Act of 2008 (Senate Bill 375, “SB375”) is a pioneering policy tool that requires metropolitan regions in California to tackle regional vehicle-
related GHG emission by building on the regional transportation planning system in the US
(Barbour, 2020).
Since 1962, any US metropolitan area with a population of greater than 50,000 must create
a metropolitan planning organization (MPO) to facilitate a “continuing, comprehensive, and
cooperative” transportation planning process in order to obtain federal transportation funds
(Sciara, 2017). MPOs fulfill this mandate by creating regional transportation plans (RTPs) every
five years, which define transportation investments over the next twenty years (Sciara & Handy,
2017). With the passage of the federal Intermodal Surface Transportation Efficiency Act (ISTEA)
in 1991, transportation planning was linked with air quality planning. Any metro area out of
attainment with federal air pollution criteria had to develop a transportation plan that helped
reduce air pollutant emissions to acceptable levels (CARB, 2017e; Sciara, 2017). The next logical
step was an extension to climate change objectives, which is where the California government
has asserted itself with SB375.
There are two key elements of SB375 for integrating climate policy into the regional planning
process in California. First, SB375 required that MPOs adopt “Regional Plan Climate Targets”
expressed as a percent change in per capita passenger vehicle GHG emissions relative to 2005
(CARB, 2018c). In practice, these focus on reductions in vehicle miles traveled (VMT). Across
California, 18 MPOs currently plan, on average, a 9.6% reduction in per capita passenger vehicle
GHG emissions by 2020 relative to 2005 levels and an 18% reduction by 2035 (CARB, 2018a, pp.
22–23).
Second, SB375 required that a Sustainable Communities Strategy (SCS) be incorporated into
the RTP. The SCS requires: (i) a land use element that accommodates forecasted population
growth and (ii) a transportation network to meet all regional needs (ILG, 2015). In effect, the SCS
requires that MPOs identify strategies to reduce GHGs emissions from vehicles (CARB, 2019b).
Some flexibility is offered in that, if a region is unable to meet its original SCS reduction targets, it
has the option of preparing an Alternative Planning Strategy (CARB, 2019b). Importantly, under
SB375, CARB determines SCS compliance, giving the state agency a new direct role in the RTP
process.
A 2018 progress report on SB375 indicated that GHG emission reduction and VMT targets
were not expected to be met in any Californian MPO (CARB, 2018a, Appendix A, A2–A4). This
is not unexpected as it is generally recognized that public transport investments alone have weak
impact on GHG emissions (Carroll et al., 2019; Rodier, 2009). But CARB and MPOs also struggle
with regional data on VMT and GHG emissions necessary for evaluating SB375 (CARB, 2018a,
pp. 23–24), although CARB has not yet imposed penalties for non-compliance (Barbour, 2020;
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CARB, 2019b). The reasons for underperformance are a matter of open discussion—see Barbour
(2020) for the latest—but underscore the challenge with transportation demand management.

Regional climate and transportation planning in Quebec
No institution has been created by the Canadian federal or Quebec provincial governments comparable to MPOs in the American context. As a result, unlike California, no municipality within
Quebec nor Canada requires transport modeling to demonstrate policy conformity with stated
plans to reduce transportation emissions. This is exemplified by the state of transport planning
in the greater metropolitan region of Montreal—the largest in Quebec.
Montreal's 2013–2020 Citywide GHG Emissions Reduction Plan set a municipal emission reduction target of 30% below 1990 levels by 2020 (Ville de Montréal, 2018). While the city's efforts
have so far led to emission reductions of 28% below 1990 levels, most of the emission reductions
were from fixed sources while those from transportation slightly increased (Ville de Montréal,
2019, pp. 6–7). This is attributed to the growth of vehicle use and a decrease in public transit use
(Ville de Montréal, 2018). Such patterns have likely been exacerbated over 2020–2021 due to the
covid pandemic.
Looking to the wider Montreal region, two organizations share some of the characteristics
with MPOs in the US. All municipalities are represented under the authority of the Communauté
métropolitaine de Montréal (CMM), created in 2001. It has authority in the planning, coordination
and funding of land use, public transit, economic development, social housing and environment
(CMM, 2019). A new body to administer and coordinate public transport was introduced in 2017,
known as the Metropolitan Transportation Regional Authority (ARTM). The City of Montreal has
its own public transportation service, but its coordination with other transport services in the
larger metropolitan area is now governed by ARTM. In contrast to MPOs in the US, neither the
CMM nor ARTM have regional emission reduction targets nor use transportation forecasting
models for monitoring compliance with existing air quality standards.
The situation in the Montreal region contrasts to a certain degree with new transport infrastructure programs of the Canadian federal government. In 2016, Infrastructure Canada's committed $29 CDN billion (~$22 USD billion) and $27 CDN billion (~$20 USD billion), respectively,
to public transit and green infrastructure through the Investing in Canada Plan (Infrastucture
Canada, 2018, 2019b). The allocation of funds to provinces and municipalities for green infrastructure is undertaken through the Climate Lens programme (Infrastucture Canada, 2019a),
requiring emissions from new federally funded infrastructure projects be calculated using methodologies similar to offsetting. The recent Canadian federal climate strategy intends on building
on the Investing in Canada Plan, securing permanent public transit funding, investing in electrification of public transit and the development of a national active transportation strategy (ECCC,
2020, p. 17). However, none of these programs anticipate a comprehensive and flexible planning
tool for low-carbon transportation as observed in California.

D I S C US S I O N
We frame our discussion in terms of an analytical framework delineating different political logics along the clean technology experience curve introduced earlier. The extensive use of regulations in California and Quebec suggest that, during the initial phase of emissions trading from
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2013–2020, both jurisdictions have been at the middle level of the clean technology experience
curve for transportation while Quebec has arguably already reached the bottom of the curve in
terms of clean energy. At these levels, emission trading largely functions to generate revenue in
support of the low-carbon transition though it has also served as a safety valve for Quebec, offering a pathway for achieving its ambitious 2020 emission reduction target at lower cost. Emissions
trading between the two jurisdictions during this initial period has significantly reduced the price
of emissions allowances for Quebec firms relative to an unlinked scenario. But we have also seen
that flexible regulations have contributed significantly to low carbon market prices during this
initial phase.
We have also demonstrated that in addition to the carbon market linkage, Quebec has also
consistently replicated many—though not all—of California's flexible regulations in the transportation sector during this initial period. While Quebec's ZEV mandate is most clearly influenced
by California, we have also seen the province align with California's vehicle emission standards
as early as 2006—though the Quebec government would later defer to the Canadian federal standards when these efforts ramped up to California standards. Looking forward to 2030, California
and Quebec appear poised to attempt to push through to the bottom of the experience curve with
both types of policy instruments—emissions trading and flexible regulations. However, based on
the balance of evidence, regulations are likely to continue to deliver the majority of California
and Quebec's emission reductions moving forward. While there is a greater probability that carbon market prices will diverge from the price floor over the period 2021–2030, there is still a
nearly 50% chance that they will remain there. We conclude that carbon pricing will not prevail
over flexible regulations in California and Quebec's efforts to reduce emissions and decarbonize
their transportation sectors, at least not through 2030.
Such findings contribute to theoretical debates about the interaction between carbon pricing
and low-carbon regulations by raising a number of specific research questions and hypotheses,
which provide the basis for in-depth studies involving a larger universe of cases. These are summarized in Table 5 and explored in more detail in the sections below.

Political economy of policy sequencing in the transportation sector
First, we hypothesize that flexible regulations continue to be adopted by governments of
California and Quebec because they convey considerable political economy benefits in terms of
reducing visible costs and distributing them differently than carbon pricing even as both jurisdictions move from the middle towards bottom of the experience curve for clean transportation.
More stringent vehicle emission standards and ZEV mandates confer political economy benefits in two ways. First, the actual costs of the standards on consumers are indirect, conveyed
through vehicle sticker prices and generally low enough to be repaid by fuel savings. They are
also not particularly salient: consumers are often unable to differentiate the costs of improved fuel
standards from other distinguishing features of vehicles (Allcott & Knittel, 2019). Second, given
its significant share of the US auto market, California's vehicle emissions standards and ZEV
mandate oblige auto manufacturers to produce cleaner vehicles for the entire North American
market—the famous “California effect” (Vogel, 1995). The upshot is that higher costs of meeting
California standards are borne not just by car buyers in California (and other jurisdictions adopting its standards) but distributed across the North American market.
Furthermore, in Quebec, adopting a ZEV mandate carries additional political economy benefits. Replacing oil—even from other Canadian provinces—with hydroelectricity from generating
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TABLE 5

Research questions and hypotheses for future research

Hypothesis 1: Political Economy of Policy Sequencing in the Transportation Sector
• Flexible regulations convey political economy benefits
Hypothesis 2: Implications for Linked Emissions Trading Systems
• 2a: Replication of flexible regulations may alleviate free-riding concerns with regards to emissions trading
• 2b: Adoption of more aggressive regulatory instruments may assist jurisdictions linked via emissions
trading to address domestic political challenges
Hypothesis 3: Strategic Policy Capacity
• Policy capacity for both sets of policy instruments might be built in a strategic manner that corresponds to
a jurisdiction's specific political and economic context

stations within the province operated by a state-owned enterprise reduces fuel costs for drivers in
Quebec and generates additional revenue for the province (Langue & Hafsi, 2010). A similar logic
explains the relative delay in Quebec's efforts to accelerate biofuel production, with blending
mandates only recently increased. Given its hydroelectric resources, the vehicle fuel system for
electric vehicles in Quebec is already largely decarbonized; the challenge is retrofitting charging
infrastructure and the vehicle fleet for electrification.
The LCFS in California and similar efforts to incentivize the production of low-carbon fuels
in Canada also convey considerable political advantages vis-à-vis carbon pricing. First, relative
to carbon pricing, California's LCFS introduces a higher, more focused price that is applied only
towards emissions relative to the standard. In contrast, carbon pricing puts a price on all GHG
emissions associated with a fuel (except biogenic carbon). This leads to a second major difference: the LCFS penalizes the production of high-CI fuels while subsidizing low-CI fuels, whereas
carbon pricing merely penalizes low-CI fuels less than high-CI ones. This carries some attractive
features politically. By creating market incentives for the production of low-carbon fuels and
electricity, fuel carbon intensity standards build a constituency for decarbonization.
However, given its existing hydroelectric resources, Quebec already possesses sufficient clean
energy to supply its transportation sector. Consequently, we hypothesize that an instrument like
the LCFS has attracted less interest in Quebec, given that it is already towards the bottom of the
clean technology curve for the sector. Instead, the Quebec government has been willing to allow
the Canadian federal government to take the lead with the development of a fuel carbon intensity
standard.
In comparison to other low-carbon flexible regulations investigated, efforts to reduce emissions associated with regional transportation demand through SB375 appear to be facing the
greatest challenges. We submit that this instrument delivers the least political economy benefits
of those considered. Indeed, similar to carbon pricing, SB375 ultimately aims to change individual decision-making by planning transportation and land-use investments that will incentive
reductions in per capita vehicle GHG emissions. However, relative to carbon pricing, regional
plan climate targets may have certain political advantages. The most important innovation is that
they are developed through a planning process that allows stakeholders considerable flexibility
in how they plan to achieve reductions while also using rigorous modeling techniques to assess
effectiveness. Yet while SB375 does allow MPOs to prepare an Alternative Planning Strategy if
the intended approach does perform as intended, the flexibility of the policy instrument is more
limited than other flexible regulations considered in this study. While MPOs have important
powers over the planning process, they have limited authority with regard to land use and planning decisions that execute SB 375's broad strategic goals, given the important role of local jurisdictions over such matters in the US (Barbour, 2020; Wolf & Fenwick, 2003). This relative lack
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of flexibility may also explain why CARB has been reluctant to impose severe penalties for poor
performance to date. However, in contrast to the situation in Quebec and Canada, SB375 appears
to have inserted considerable innovation and accountability into regional transport and land-use
planning.
Finally, while flexible regulations in the transportation sector appear attractive given the considerable political economy benefits they might deliver, we hypothesize emissions trading still plays a
role in mitigating political barriers and smooth-out policy sequencing at all three levels of the clean
technology experience curve. Even at low carbon market prices, emissions trading in California
and Quebec has generated considerable revenue, some of which has be allocated to targeted climate change mitigation efforts in the transportation sector. In California, the top three programs
funded through the GGRF have been high speed rail ($3.6 USD billion), low carbon transportation ($2.1 USD billion), the affordable housing and sustainable communities program ($2.5 USD
billion) and transit and intercity rail capital ($1.3 USD billion) (CCI, 2021, pp. 11–12). In Quebec,
the government anticipates spending $2.8 billion USD ($3.6 billion CDN) on low-carbon transportation through 2026 under the 2030 Plan for a Green Economy, or 55% of the total budget envelope
(Gouvernement du Québec, 2020a, pp. 27–32). There are of course questions about how effectively
such funds are being used, which is emerging as an important area of research.
While the carbon price floor is expected to climb, our findings suggests that the governments
of California and Quebec will continue to allow regulations to do most of the heavy lifting as the
jurisdictions pursue efforts to reach the bottom of the clean technology experience curve. We
have also seen that the stringency of vehicle emission standards, ZEV mandates and fuel intensity standards is likely to continue to rise significantly while California continues with its efforts
to improve transportation demand management. Importantly, both jurisdictions have pursued
greater regulatory efforts in the transportation sector after the introduction of emissions trading,
the stringency of which has increased only gradually and at the same rate since 2013.

Implications for linked emissions trading systems
Our findings also have implications for the interactions between emissions trading and flexible
regulation across jurisdictions characterized by significantly different abatement costs. While
our results support one dimension of the argument advanced by Cullenward and Victor (2020),
that flexible regulations and industrial policy will play a greater role in decarbonization moving
forward, our results also call attention to the asymmetric nature of emissions trading between
California and Quebec, which challenges their broader claims.
As noted above, California's flexible regulation drive emission reductions at relatively higher
implicit cost than what would have been achieved via a free-ranging carbon price. Put differently,
the cost of reducing emission in California is higher than prices reflected on the carbon market.
This complicates the economic rationale for linking emission trading systems, since carbon market prices do not represent the full cost of the complex suite of policy instruments deployed to
reduce emissions in California. As suggested from our review of actual carbon market prices and
prices modeled ex-ante, Quebec is buying emission allowances at prices that are lower than the
actual costs of reducing emissions in California. However, we have also seen that Quebec has adopted many similar flexible regulations in its transportation sector, which by driving reductions
at above-market costs in Quebec might also be expected to depress allowance prices on Quebec's
carbon market. Carbon market prices in Quebec after linkage might also be expected to be lower
than the costs of efforts to reduce emissions in the province.
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We hypothesize that the replication of Quebec's replication of California-style flexible regulations in the transportation sector has two beneficial political consequences. First it may alleviate
free-riding concerns with regards to emissions trading in the presence of depressed market prices.
As Quebec has adopted many transportation regulations that are nearly identical to California's,
carbon market prices are also lower than the province's actual costs of its efforts to reduce emissions. This may mitigate concerns in California that Quebec is not doing its fair share to reduce
its emissions domestically and is free-riding. However, there is emerging evidence that many
jurisdictions are comfortable with asymmetric climate policy, at least when costs remain low
(Aklin & Mildenberger, 2020; Mildenberger, 2019).
Second, the adoption of more aggressive regulatory instruments might help both jurisdictions
address domestic political challenges. In particular, the heightened regulatory effort in Quebec
ensures that domestic efforts to decarbonize the transportation sector are substantial and thereby
reduce capital outflows through emissions trading. Such concerns appear salient in Quebec but
have not yet provoked a withdrawal from emissions trading. For example, a 2017 survey of 56
firms in Quebec, including 39 with emission reduction obligations under the carbon market,
found that approximately 80% agreed that the carbon market led to capital outflows; however, the
majority of respondents also affirmed that it was important to link the Quebec emissions trading
system with those in Canada (90%), North America (86%) and internationally (59%) (Lachapelle
et al., 2017, pp. 12, 21–22). We also recall that Quebec initially sought a more accelerated increase
of the WCI's carbon price floor, which would also have assured greater reductions in-province if
politically feasible.
Overall, gains from trade are significant but muted on the California-Quebec carbon market
in part because of the significant role of flexible regulations. Such a combination of regulations
and emission trading is likely to be uncommon as jurisdictions would need to converge on a
similar suite of regulatory instruments in order to reduce such free-rider concerns and domestic
disapproval. This might explain the limited interest amongst other jurisdictions to link emission
trading with California and Quebec. In contrast, fourteen states have adopted California's vehicle
GHG emission standards while eleven US states have adopted California's ZEV program (CARB,
2019e). And California stands apart with its efforts to integrate climate objectives into transportation demand management. We note however that the state of Washington recently passed, in
April 2021, legislation to establish a cap-and-trade system compatible with the California-Quebec
carbon market, while also adopting its own version of an LCFS (ICAP, 2021). The twin passage of
emissions trading and a key flexible regulation in the transportation sector is consistent with our
hypotheses about the political economy preferences of governments.

Strategic policy learning
Our study also contributes to discussions about policy capacity requirements for a complex suite
of policy instruments like in California that is comprised of emissions trading and flexible regulations. While our “least-likely” case study limits generalizations, the different instruments pursued by Quebec lead to the hypothesis that policy capacity for both sets of policy instruments
might be built in a strategic manner that corresponds to a jurisdiction's specific political and
economic context.
First, the observed sequence of transportation policy instruments in Quebec and Canada provides evidence that Quebec has been able to learn from California. While such an argument has
been made before with regard to the institutional infrastructure for emissions trading (Rabe,
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2018), our study suggests it might be extended to transportation policy instruments. Though issues of policy capacity might still remain a constraint on the broader diffusion of such a complex suite of policy instruments, California appears to have enabled diffusion by providing the
initial blueprints for sophisticated policy instruments—including their technical underpinning.
CARB's efforts to facilitate replication of its policies and provide technical assistance to jurisdictions has also helped spur this blueprint model of policy dissemination.
However, policy capacity appears to have been developed strategically with Quebec pursuing
instruments that might harness its considerable hydroelectric advantages towards the decarbonization of its transport sector. The flexible regulations that Quebec appears to have replicated
from California include its ZEV mandate but also, previously, the adoption of California's vehicle
emission standards in 2006, both of which lend themselves to efforts Quebec has been making
to replace fossils fuels with electricity. Yet the Quebec government has largely deferred to the
Canadian federal government on biofuel policy as well as the development of a policy instrument
akin to California's LCFS. We note that the Canadian province of British Columbia, which might
be assumed to have similar levels of policy capacity to Quebec, has also implemented its own
LCFS since 2010 (Lepitzki & Axsen, 2018; Yeh et al., 2016). This suggests that policy capacity does
not explain Quebec's muted interest in this policy instrument.
However, California's efforts to reduce regional transportation GHG emissions through
a flexible regional planning process backed by rigorous modeling requirements has no direct
counterpart in neither Quebec nor Canada—although there are various regional/municipal
transportation planning efforts. It remains to be seen whether the lack of such a policy instrument in Quebec is due to a lack of policy capacity or, more likely in our view, the lack of an institutional framework akin to the MPO system in the US.

Alternative hypotheses
In the sections above, we have offered a number of hypotheses in lieu of firm explanations about
the observed sequence emission trading and flexible regulations in the transportation sectors of
California and Quebec. This is because of a number of alternative hypotheses that we have not
been able to exclude given our simple case-study methodology and focus on policy instruments.
A first alternative hypothesis attributes the continued strong role of transportation regulations not to rational decision-makers but to the historical evolution of California's efforts to GHG
emissions from earlier efforts to tackle air pollution due to vehicle pollution. The political science
literature has pointed to how many institutional frameworks evolved through endogenous political processes over time (Béland, 2007; Thelen, 2004). While we find that reorientation of vehicle
emission standards from atmospheric pollution to GHG emissions might constitute “layering”,
the ZEV mandate and SB375 are better considered as example of “conversion” as they have both
drawn on existing policy instruments but whose core objectives and targeted policy actors have
been significantly changed from their antecedents, vehicle emission standards and MPO process, respectively. However, emissions trading and the LCFS appear to be quite new policy instruments, which might be better explained by the political economy benefits these instruments
confer on governments.
Similarly, Kingdon's (1984) multiple streams model of the policy process might also explain
outcomes observed. It seems reasonable that policy entrepreneurs in both California and Quebec
have been more successful in promoting the adoption of regulatory instruments over a substantial increase in carbon pricing. The question would be whether such entrepreneurs emerged
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from within government, as our political economy theory hypothesizes, or amongst non-state
and transnational policy entrepreneurs.
Another alternative hypothesis about Quebec and Canada's replication of California-style policy instrument points to California's ability to compel other jurisdictions to follow its initiative
(Vogel, 1995, 2018). This suggest that the two governments may have been attracted to California-
style climate and transportation policy in order to benefit from association with the one of the
world's leading jurisdictions. While plausible, this does not explain why so many other jurisdictions have been slow to adopt emission trading and fuel carbon intensity standards. A fourth and
related hypothesis is that preferences for different policy instruments might be attributable not to
political leadership but to preferences of members of the bureaucracy. For example, Hochstetler
(2020) attributes Brazil's pursuit of wind power instead of solar power to analytical approaches of
the Brazilian bureaucracy. While plausible, it is difficult to explain the policy durability of emissions trading in Quebec and California for over a decade nor the apparent strategic selection of
policy instruments without these issues entering the strategic decision-making arena.
Research over a broader universe of cases and economic sectors are necessary to evaluate our
preferred hypotheses relative to alternatives. We would suggest a focus on states and provinces
with abatement costs higher than those in California such as Washington, Oregon and British
Columbia. While Washington recently adopted both cap-and-trade and LCFS-like legislation,
as mentioned above, Oregon has an LCFS and has expressed interest in the past few years of
joining the WCI and linking emissions trading with California and Quebec but have not followed
through (Rabe, 2018). As is well known, British Columbia opted for a carbon tax rather than participate in emissions trading under the WCI. But GHG emissions in British Columbia have grown
by 6.5% since the carbon tax was first introduced in 2008 and were 22% above 1990 levels in 2018
(British Columbia, 2020; also see Pretis, 2019 who focuses only on CO2 emissions).

Comparison with Canadian federal strategy
In this final section, we contrast the policy mix in California and Quebec with the recently proposed Canadian federal strategy. Under the federal strategy, a revenue-neutral carbon tax would
rise to approximately $134 USD ($170 CDN) per tCO2e by 2030 (ECCC, 2020, p. 26). The high carbon price suggests it will be the primary tool achieving compliance with Canada's 2030 commitments under the Paris agreement. For example, the recently proposed carbon price corresponds
to that resulting from modeling efforts of carbon pricing as the primary emissions abatement
policy instrument in Canada (Ecofiscal Commission, 2019; PBO, 2020). The reduced scope of
the CFS and absence of ZEV mandate and comprehensive metropolitan regional transportation
GHG mitigation strategy is also indicative of this tendency. We anticipate that comparisons between the approach of California and Quebec and that of the Canadian federal government will
attract increasing attention moving forward.

CO N C LUS I O N
In this paper we have investigated the interaction between emissions trading and flexible regulations in the transport sector in California and the only jurisdiction linked to it via emissions
trading, the Canadian province of Quebec. We have demonstrated that linking emissions trading
systems has been asymmetrical with the change in allowance prices being almost unappreciable
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in California while leading to significant reduction from Quebec's perspective. We have also
demonstrated that Quebec has been able to replicate many though not all of California's low-
carbon transportation policy instruments. Finally, we have offered evidence that suggests that
regulations will continue to prevail over carbon market prices through 2030. In lieu of a firm
explanation of these findings, we have offered hypotheses in terms of the political economy advantages of flexible regulations themselves as well as their combination with emission trading in
asymmetrical jurisdictions as well as about the strategic adoption of different types of regulatory
instruments available. While our study suggests California and Quebec have balanced emissions
trading and regulations, the difficulty in reaching such convergence might explain limited participation in the WCI. Attention, however, to conditions that have allowed both sets of policy
instruments to gain traction helps identify conditions for replication elsewhere.
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